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.~pecies Assessment CALFED Species Response
Fish . Variable Action Level Variation* Affected Life Sta Assessment Tools Notes

Ralnb, ~w Trout.:::!: :::.~.. : :: :.:~::.: :~ ::~:i:~i~: i:i! t ::::.::~i:::.: " " : ~ :: ::: :i::i~!:ii~;!~:.f i:i:i:i:.![:i :.!:.i:.i: ii::i ii::i!~!~i:ii:.i:;:i :::i: ~:i::! i. : " :
~: .:il. iI i:.:.::, ill:. ::i

hatcheq production C 2 NA adult, juvenile
reservoir draw:own A 1 NA adult, juvenile
water temperature A,B 1 NA adult, juvenile temperature-survival relationships Raleigh et al. 1984

2 eggs and larvae spawning habitat model CVPIA, Stuber et al. 1992
2 uvenile rearing habitat model CVPIA, Stuber et aL 1992

spawning habitat C 2 NA eggs and larvae
rearing habitat C 2 NA adult, juvenile

food:availabi!ity::?i::.ii!i,iii~ I:IIA, B,C : .111:. t ~:~ ~ .iii:, adult~:~::jUvenile :!ii::i::i~ :: ~ ..:~ : ...... i:~.:~.::i:.:::~:::i: : - .::i. ~ ~. ~;~::. i: ~:~i :.

diversion A,C 1 juvenile
spawning habitat C 1 adult, eggs, larvae
readng habitat C 1 adult, juvenile
fishing C 1 adult
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Table I. Selected Species and Assessment Variables

Species Assessment CALFED Species Response
F sh .... , Variable Action Level Variation* Tools Notes

Squawfish*Sucker-Hardhead flow i : : ]: A: :~ ] 2 i!i:f ~ 2:: ’ adu t (spawning):: : i fl0W:spawn ng habitat AERP ::~::~ ¯ : ..... ;::~;~i: i994;:::USFWS:~l.9961:.:i;
2 1-2 larvae narrative Wang 1984, Kohlhorst 1976

DWR 1990; Kohlhorst et al.
1991; Pamley and

2 1-2 uvenile tbundance-flow and flow-habitat Beckman 1994
barrier C 2 1 adult

0 uvenile
spawning habitat C 2 1 adult, eggs, larvae

Kohlhorst 1976, Haynes et
water temperature A, B,C 1 1 eggs and larvae lemperature-survival al. 1978
sedimentation A,B,C 1 1 eggs
diversion A,C 1 0-1 adult, juvenile
rearing habitat C 1 1 juvenile
3ollutant C 1 1 all

Dee!~..BodiedFshesi:! ~ flow: :-:: ’:.::.~ : .....t :A " ....I 2 :::::.~:~I ~::: : adu!i: ~~i"~ ................................
i:: i~! f]ow~spawninghabltat AERP ~ i:: .~:::I:::::f1994;:~USFWS:i996 ::

.................................................. DWR 1990; Kohlhorst et al. ~"=
1991; Parsley and

1 1-2 juvenile abundance-flow and flow-habitat Beckman 1994

food availability A,B,C 1 adult, juvenile
-- rearing habitat C 1 1 uvenile
-- pollutant C 1 1 uvenile

-- rearing habitat C 1 1,0-1 uvenile
-- fishing C 1 1,2 adult, juvenile
-- pollutant C 1 1,1 adult, juvenile

-- fishing C 1 1 adult, juvenile
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Table I. Selected Species and Assessment Variables                                                                                                                   ~

Species Assessment CALFED Species Response
Fish Variable Action Level Variation* Affected Tools Notes

~ squawfi~ii:s~~erLHa~dhea~i :.!flow: .~::.:::.:i:i:. ~:i:. :i!~: :::: ~. A :::~:~ : ::: 22 ::ii::: !!i:~ 1212 i:~:: ~iti!ii~:;:~ii:i~ii~.::~:: .... ~low-habitat, AFRP, ’~..: .: ..: ~:. ..... . IFIM Studies~ CVPIA. ;,: ::
2,1 eggs and larvae flow-habitat, AFRP IFIM Studies, CVPIA

2 2,0-1 juvenile flow-habitat, AFRP IFIM Studies, CVPIA
temperature A,B,C 2 2, # adult Raleigh et al. 1986

Brett et aL 1982, Raleigh et
2 2,1-2 eggs and larvae temperature-survival al. 1986
2 2,1 uvenile temperature-survival Raleigh et aL 1986

food availability A,B,C 2 1,#-1 juvenile
sedimentation A,B,C 2 eggs and larvae
diversion A,C 2 1 ,# uvenile
barder C 2 0,0 adult

2 1,0 uvenile dam passage mortality relationship USFWS
spawning habitat C 2 0,# adult, eggs, larvae
rearing habitat C 2 1-2,#-1 uvenile
~ollutants C 2 0,#-1 eggs and larvae

2 0,0 uvenile
fishing C 2 1,1 adult ~
hatchery production C 2 0,0-1 uvenile ~

Deep-Bodied.Fishe~i ~i":: temperature iiii!:~i:i::i?: i II:.ilIA, B,G!::I:::.I :i’~ 2 ~ii:::.i:. ~2,1 i :i a{~!~iJuvedile:~. :~:.i.iii:: :~tempe~ature-~rvivai:::::i:i.iii:::~i:i::: ~i :::::::~i :..:iiii.:!i.~Raleighet a1~::~1198611::::.:: : .::i:::
~,o

-- diversion A,C 2 1,0 uvenile
-- fishing C 2 1,1 adult ~"
-- food availability A,B,C 1 1,# uvenile ~
-- flow A 1 2,0 adult

1 2,0 uvenile I
-- rearing habitat C 1 1 ,# uvenile ~
-- hatchery production C 1 0,0-1 juvenile

-- Herrgesell 1991; USFMMS
2 2,1-2,2 uvenile flow-transport 1993; Dettman et al. 1987

-- diversion A,C 2 2,1,2,1 uvenile
-- barrier C 2 2,1,2 adult, juvenile pathway and barrier survival Kjelson et al. 1989
-- hatchery production C 2 0,#,1 juvenile
-- temperature A, B,C 1 2,1-2,1-2 adult, juvenile temperature-survival Kjelson et al. 1989
-- food availability A,B,C 1 1,#,2,1 uvenile
-- rearing habitat C 1 2,#,1-2,2 uvenile
-- )ollutants C 1 0,0,1,1 uvenile
-- fishing C 1 1,1,# adult

-- Ma.r.in.e.:~::i.iii~,:.. :.i..:;~ii::.:: i~i i:. fishing, i:::il i:;~ i: iiii:;;::iiil.i::::~:i~:t:i!i~!C ~ i:.iii: .:.2: ~ ~:: 0,1::i :~’~dulf~]uve~]l~ i:::.::::.i :! ::~::i.~ce..~n..rn0~a!]ty model:::: :~::~:~:~ :i: : ~ : ~:.~:: DFGI ~.~ ~::;, i:i::i: ii!i: ~:!i:. :::: ~’~

-- hatchery production C 1 0,# uvenile ._
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Table I. Selected Species and Assessment Variables

Species Assessment CALFED Species Response
Fish Commun ty Variable Action Level Variation* Affected Life Notes

IFIM Studies, Raleigh et al.
2 2,1 eggs and larvae flow-habitat 1984

IFIM Studies, Raleigh et al.
2 2,1 uvenile flow-habitat 1984

temperature A,B,C 2 2,1 all temperature-survival Raleigh et al. 1984
food availability A,B,C 2 1,# uvenile
sedimentation A,B,C 2 eggs and larvae
diversion A,C 2 1,# uvenile
barrier C 2 0,0 adult

2 1,0 uvenile

spawning habitat C 2 0,# adult, eggs, larvae
rearing habitat C 2 1-2 uvenile
~ollutants C 2 0,0 eggs and larvae

2 0,0 uvenile
fishing C 2 1,2 adult
hatchery production C 2 0,0 uvenile

diversion A,C 2 1,# uvenile
fishin~ C 2 1,2 adult
flow A 1 2,0 adult

1 2,# uvenile
food availability A,B,C 1 1,# uvenile I

- rearing habitat C 1 1,# uvenile (.1
hatchery production C 1 0,0 uvenile

barrier C 2 2,0,1 adult, iuvenile
hatchery production C 2 0,0,1 uvenile
food availability A,B,C 1 1,#,1 uvenile
diversion A,C 1 2,0,1 uvenile
rearing habitat C 1 2,#,1 uvenile
~ollutants C 1 0,#, 1 uvenile
fishing C 1 1,# uvenile

- temperature A,B 2,#,1 ’ adult, juvenile
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Table I. Selected Species and Assessment Variables

Species Assessment CALFED Species Response
Fish Community Variable Action Level Variation* Affected Life Notes

~acralnento Squawfish ¯ :i ......... ..... ii ~:I .i.::i ...... !..:
Squawfish~Sucker~Hardhead: barrier.. ::: : ..... :.::~ ::i.it:;:.::.::.C .... 2: ,. ::i~:.: ::. adult-~. :.~ ~ : . ’ ....... : ::;::. ~ ....... : ¯

spawning habitat C 1 adult, eggs, larvae
rearing habitat C 1 adult, juvenile

- )ollutants C 1 all

Deep-bodied Fishes : :.: : : ood:iavailability:~:!.!:::i::.:.i~i ;i;::::~,B,C:i:: ::..i!::~i.:.~::..1:.:~:::i i .... . .adu!t.juvenile :: ~; : , .~ .......... : ...................,.: ..................... ¯

rearing habitat C 1 adult, juvenile
spawning habitat C 1 adult, eggs, larvae

~)~..ep~BodiedF shE~s..:.....:.::~.:::: . f!0~V...~..~.~:i.. : ::::::::::::::::::::::: : I ::.::: :A:: :: .ii~.: 2: .::~i::: :.::..:..2,.O,~: :~: ,adu.t.::...:.:~.:::.:.~:~::.~.:.~:~ :~ ’ ’: : .~::::..floW:¥i[gin shad relationship~ AFRP:flowS::: :~::ii iDFG.198I.i:CVPIA ::ii.:.i. :::
2 2,2,1 eggs and larvae flow-abundance index =Stevens and Miller 1983
2 0,0,2 uvenile I~.

spawning habitat C 2 2,#,2 adult, eggs, larvae
fishing C 2 0-1,#,1 adult
temperature A,B,C 1 1,1,1 adult, eggs, larvae    temperature-survival Steir and Crance 1985 ~"-

1 1,1,2 uvenile temperature-survival Steir and Crance 1985
food availability A,B,C 1 0,1,1 uvenile
diversion A,C 1 1-2,1,# eggs, larvae, juvenile
rearing habitat C 1 1,1,1 uvenile
)ollutants C 1 0-1,#,0 eggs and larvae

I- 1 0-1,#,0 uvenile
barrier C 0,1,0 adult

- Estuadne ......... ....... : .:::::::::~ dversion::.:..i~..:~ i:~::::~i~::~i:.:: ~.::i A,C .: 2:: !-2,l~0,2.:. eggsi!Jarvae,ljuvenile~.~ ~athway.diversionindex:: ~: : ..... ..~: C~/PIA::::I.::: ::.~ : ::i:~:~:: ~: . :.~.
- fishing C 2 1 adult
- flow A 1 #,0,2 uvenile
- 1 1,0,1 eggs and larvae
-- food availability A,B,C 1 #,1,1,1 uvenile
-- barrier C 1 1-2,0 adult, juvenile
- spawning habitat C 1 #,0,2,2 adult, eggs, larvae
- rearing habitat C 1 0,1,1,2 uvenile
- )ollutant C 1 0-1,0,1 all
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Table I. Selected Species and Assessment Variables

Species Assessment CALFED Species Response
F sh Commun ty Variable Action Level Variation* Tools Notes

rearing habitat C 1 adult, juvenile
)ollutants C 1 all
fishing C 1 ]dult

spawning habitat C 1 adult, eggs, larvae

2 #,2,2 eggs, larvae, juvenile flow-abundance relationship DFG 1992
spawning habitat C 2 #,2,2 adult, eggs, larvae
fishing C 2 #,0,0 adult
rearing habitat C 1 1,2,1 adult, juvenile
)ollutants C 1 #,#,1 all

-- temperature A,B 1,0,0 larvae

Idiversion            A,C     2    1,1,1,1 uvenile
-- rearing habitat C 2 1,1,1,2 adult, juvenile (.1
-- sstuafine salinity, A,B,C 1 adult, juvenile
-- barrier C 1 #,#,0 adult, juvenile
-- spawning habitat C 1 #,2,2 adult, eggs, larvae
-- ~ollutants C 1 #,#,1,0 all
-- fishing C 1 #,1,0 adult
-- food availability C 2 adult, juvenile
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Table I. Selected Species and Assessment Variables o,

Species Assessment CALFED Species Response.
Variable Action Level Variation* AffectedFish Community Assessment Tools Notes

:_-str!l)~ d Bass ~ ::::
DeepLB0died F Sh~S : :::: :: : : flow :!::i~ :: :~ :.::.:: :: ::~: :.~ ::] :~. :: ::~A i: ~::~ ~::’ : ::2 ~ ’.~i: 1-2:1 ~2:~’adultil eggs~ larvae ~:~?::~i:: flow-s urvival relationship !DFG 1993

spawning habitat C 2 1,0,2 adult, eggs, larvae
)ollutants C 2 1-2,0-1,2 eggs and larvae
temperature A,B,C 1 1,#,1 adult (spawning) temperature-spawning relationships DFG 1987

1 1,#,1 eggs and larvae temperature-survival relationships Crance 1984
diversion A,C 1 1,1,2 eggsand larvae
fishing C 1 0,1,2 adult

estuarine salinity A,B,C 2 2,0 eggs and larvae X2-abundance relationship :Jassby et al. 1995
2 2,# uvenile

food availability A,B,C 2 1 adult, larvae, juvenile
diversion A,C 2 2,1,2,2 eggs, larvae, juvenile diversion-abundance model iBotsford and Brittnacher
barrier C 2 1,0,1 eggs, larvae, juvenile 03
spawning habitat C 2 1,0,2,2 adult, eggs, larvae
rearing habitat C 2 0,2,2,2 adult, juvenile 14")
fishing C 2 1,1,2 adult, juvenile
hatchery production C 2 1,#,2 uvenile ~"=
temperature A,B 1,0,1 juvenile
)ollutants C 1 1,#,1-2,1 all

Marine " ........ ::i" i: fishing :::i ,::i:i:: ::::: :l :i : : :: :: C" :: i~:.2: .... !,,# ::: adult,:juvenlle:::::::.::::i,.::~ : :ii!ii :: ,, :::::ii i,:i:::,::i:. ::: :::.::.:.i i:,, :: I::::i:!:~: i:~;::i:::.: :i:: ::. i:::::i:~::!i::iii!:I:I: :.i
I)ollutants C 1 1 ,# adult, juvenile

hatchery production C 1 1,# uvenile
rearing habitat C 1,# adult, juvenile
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Table I. Selected Species and Assessment Variables

Species Assessment CALFED Species Response
Fish Variable Action Level Variation* Affected Life Sta }act Assessment Tools Notes

Deep:B;diedl:Si~;S.:I : :. : food avaii~b
spawning habitat C 1 adult, eggs, larvae
rearing habitat C 1 adult, juvenile

fishing C 2 adult
spawning habitat C 1 1 adult, eggs, larvae
rearing habitat C 1 1 adult, juvenile
)ollutants C 1 1 all
food availability A,B,C 1 adult, juvenile

Estuadne: :::: :::~ :.: ~:. : ~.: diversion:~:~::: . : ~iii::::ii~.. ].::..i: A,C ....... ,.:.::: !:..,, . :..:: all :: : ::::::::.
spawning habitat C 1 adult, eggs, larvae
rearing habitat C 1 adult, juvenile

I
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Table I. Selected Species and Assessment Variables                                                                                                                  ~

: Species Assessment CALFED Species Response
Fish Community Variable Action Level Variation* Affected ct Assessment Tools Notes

!Delta ,melt :::::::::::::::::::::::: :: }:i :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ::::::::::::::::::::::::::::::: :2:1~:.~i: :::I~;iI !: !: ~i !:! !:::::: ::::::~i : ::::: : ::~: i~ :::~: :::. :: :::::::::::::::::::::: :::::::::::::::::::::: ! :: :::::I :: :: :::
estuarine salinity A,B,C 2 1 all salinity-habitat model Unger 1994
food availability A,B,C 2 1 all
sedimentation A,B,C 1 eggs
diversion A,C 2 #,2,2 adult, larvae, juvenile
barrier C 2 0,1 adult, larvae, juvenile
spawning habitat C 2 #,2,2 adult, eggs, larvae
rearing habitat C 2 1,2,2 adult, juvenile
~ollutants C 2,2 all

Jassby et al. 1995, Unger
estuarine salinity A,B,C 2 all X2-abundance relationship 1994 ~)
food availability A,B,C 2 1 all ~--
sedimentation A,B,C 2 eggs
diversion A,C 2 1,1,1,1 adult, larvae, juvenile ~)
spawning habitat C 2 0,0,1,2 adult, eggs, larvae
rearing habitat C 2 2,1,2,2 adult, juvenile ~"
barrier C 1 0,#,0 adult, larvae, juvenile

~
/

Vlarine: ::i:::.::::". :i. .:. :!: :~:.:i:: :.. :.: flow..: ::..::~ :. :i:: :~:.ii! :::I: .:. :.:A ::::ii::i::.: , ;.:2 i::::.: ::: :: !,.!,~::;.. adult:~..j’uVeni ........ e ¯ ......:. :~:~...I.::. . ...........~.:: :: ’: .... " :::..:.:::: ::. " .........." : ~~::: :::: , [: ....: ..... ..... ~::~:::: ......... ........:: .:~i~:: (.)
estuarine salinity A,B,C 2 adult, juvenile
rearing habitat C 2 2,1,1 adult, juvenile

fishing C 2 adult, eggs
flow A 1 all ..
estuarine salinity A,B,C 1 all
rearing habitat C 1 uvenile .....
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Table I. Selected Species and Assessment Variables o.

Species Assessment CALFED SpeeAes Response
Fish Community’ Variable Action Level Variation* Affected Assessment Tools Notes

rearing habitat C 1 adult, juvenile
~ollutants C 1 all

°
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Table I. Selected Species and Assessment Variables

Species Assessment CALFED Species Response
Fish Community Variable Action Level Variation* Affected Life Stages Impact Assessment Tools Notes

’s .... : ~i ~ :::.: i . " .... i iI :: : :!, :.~i. :!! :~ ~i::: ~ ~iii]i: ~i~::~ ::.~:::.l !::i i:::i: " ::::::ii ::::: :::::::: ::::::::::::::::: :: :::i: ::::~ :: ~ ::: i. ~ !, !!:i! :i:!i :i i~: :: ’ ,i:: ::::: I. !~::Rotife
Estuarine :i :: : ::::il- : i.::. lflow:~:::i ::::::::::::::?::::::::::::::::::::::::::::::: : :: :::::::::::::::::::::::: i: ....... : :. :.:i ::::?i::::.: ::.: ::::: :!i:i.iiiii!i:i:i:i:

rearing habitat C 1 2 NA
pollutants C 1 1 NA
food availability A,B,C 1 NA
diversion A,C 1 NA

" ’ Estuarin~:" :::":: .... : :::: ’ fl0W: :: :- :’:’ ~i~::~?" I:. :.A:.: :: i.::2::~:~ :: :~: : :~:.~:"INA:::~ :~::::~:::: :::
estuarine salinity A,B,C 2 1,2 NA X2- abundance relationship Jassby et al. 1993
Food availability A,B,C 1 1 NA
rearing habitat C 1 2 NA
~ollutants C 1 1 NA
diversion A,C 1 NA

~.sianClam:i: ::: :i.ii : :: :: .: :::-:: ::: ::. ::: i:::::i i] .::: ::iii I!: : I::: : :~:lil ii:::::ii~i::::i:i ::::.ii::ii:ii
.......... i~st~arine ::::: .::: :: :.: flow ::i::::.::ii: :::::::::::::::::::::: A .:.::!~ :" I: " !::iii::.!~ ! ::::::::::::::::: ::::::::::::: : ::. :::::::::i::.I

.... estuarine salinity ...... A,B,C 1 2 all
food availability A,B,C 1 1 adult, juvenile, larvae
spawning habitat C 1 2 eggs and larvae
rearing habitat C 1 2 ladult, juvenile
pollutants C 2 all

Marine :i::~ :::~: : i:i~ : : :: estuarine, salinity::::::. : A;B C:::~ .i::i:~1:: .. :I ::12~i~ .: lal! ii i::::. ;; .::~
flow A 1 2 all
spawning habitat C 1 eggs and larvae
rearing habitat C 1 adult, juvenile

Marne : :.: : :: ~ :::: .: fi~v,, .:::::: .~ ::::. ::~ :I: :: .i::2 ::i~::::: . :2,2:.
estuarine salinity A,B,C 2 1,2 lall X2-abundance relationship Jassby et al. 1993
rearing habitat C 1 2,2 ladult, juvenile .....
fishing C 1 ladult
food availability A,B,C 1
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Table I. Selected Species and Impact Variables

Notes:

CALFED Action: A - Assessment Variable could be affected by conveyance and storage components that are variable between the different CALFED alternatives.
B - Assessment Variable could be affected by the Water Quality Program common to all CALFED alternatives.
C - Assessment Variable could be affected by the Ecosystem Restoration Program common to all CALFED alternatives.

Species Response: Level refers to the response rating assigned by CALFED in the preliminary tables (dated September 6, 1996)
Variation refers to the response ratings assigned by participants in the assessment process.

2 = critical to species abundance
1 = may be cdtical to species abundance
0 = minimal effects on species abundance
# = "blank", species response is unknown
NA = not applicable to the species.

Affected Life Stages Indicates that the assessment variable may affect primarily adults, eggs, larvae, or juveniles or that all life stages may be affected.
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